Data from family and twin studies suggest that genetic factors may contribute to the development of eating disorders such as anorexia nervosa (AN) (Holland et al. 1988; Gorwood et al. 1998; Lilenfeld et al. 1998; Bulik et al. 2000; Strober et al. 2000; Kortegaard et al. 2001) . As yet, no consistent findings regarding associations between specific candidate genes and eating behavior have however been reported.
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Serotonin appears to exert an important inhibitory influence on food intake in experimental animals, and serotonin-facilitating compounds are known to reduce food intake also in humans (Leibowitz and Alexander 1998 ). An involvement of serotonin in the pathophysiology of AN gains support from the observations of altered cerebrospinal fluid serotonin metabolite levels (Gillberg 1983; Kaye et al. 1984; Kaye and Weltzin 1991) and abnormal hormonal responses to serotonergic probes (Brewerton and Jimerson 1996; Goodwin et al. 1989; Hadigan et al. 1995; Monteleone et al. 1998; Ward et al. 1998 ; see also O'Dwyer et al. 1996) in AN subjects, as well as from the fact that treatment with serotonin reuptake inhibitors may prevent relapse in weight-restored AN subjects Mayer and Walsh 1998; Kaye et al. 2001 ).
Pharmacological studies in rats (Dourish et al. 1989; Kennett and Curzon 1991) , and experiments using knockout mice (Tecott et al. 1995) , suggest that the influence of serotonin on food intake is partly mediated by 5-HT2C receptors. This notion gains support from the observation that weight gain is a common side-effect of antidepressant and antipsychotic drugs acting as antagonists at 5-HT2C receptors, and by preliminary data suggesting that 5-HT2C-blocking compounds may be effective for the treatment of AN (Goldberg et al. 1979; Halmi et al. 1986; La Via et al. 2000) . Of interest in this context is also the finding that dieting may increase 5-HT2C receptor responsiveness in humans (Cowen et al. 1996) . Previous studies have suggested that AN may be associated with a polymorphism in the gene coding for another 5-HT2 receptor-the 5-HT2A subtype-but subsequent studies on this issue have yielded conflicting data (Collier et al. 1997; Ziegler et al. 1999) . With respect to a possible relationship between the 5-HT2C receptor gene and AN, the literature is as yet sparse.
The 5-HT2C receptor gene is located on the X chromosome, at q24, and contains a single nucleotide polymorphism, resulting in a cysteine to serine substitution at position 23 (cys23ser) of the receptor (Lappalainen et al. 1995) . The aim of this study was to examine the possible association between this polymorphism and weight loss (regardless of underlying diagnosis) in teenage girls.
METHOD

Subjects
The original purpose of this investigation was to establish the rate of AN in 16-year-old girls in Göteborg, and to compare AN girls and age-, sex-, and school-matched controls with respect to family background, personality traits, early development, co-morbidity, and certain biological markers. To this end, a community screening was conducted in 1985 comprising all individuals in Göte-borg born in 1970 ( n ϭ 4291); moreover, by means of referral, additional subjects from the community of the same age or younger also were included in the study. Assignment of subjects for further study was based on growth charts as well as on an eight-item questionnaire covering food-and weight-related issues as well as menstruations. As reference when examining individual growth charts, growth data from a normal population published by Karlberg et al. (1976) were used. To be the subject of further study, the girls had to meet one of several criteria raising suspicion of possible AN; for details, see previous publications (Rastam et al. 1989; Rastam 1992) . By means of this procedure, blood samples were obtained from 58 girls displaying weight reduction not explained by somatic illness, defined as a real or projected weight loss of at least 10%. Most girls were 16 or 17 years old; some of those recruited by means of referral were a few years younger. The girls were subjected to a structured interview comprising a checklist of the DSM-III-R criteria for AN (Rastam et al. 1989; Rastam 1992) . A majority but not all of the subjects met the criteria of AN (see Results), including a real or projected weight loss of 15%. For the genetic investigation presented in this paper, two groups of weight loss girls were hence included: those meeting the DSM-III-R criteria of AN ( n ϭ 41), and those reporting real or projected weight loss of 10% or more without meeting AN criteria (WL group) ( n ϭ 17), respectively. Some but not all of the WL girls were underweight; the inclusion criterion hence was rapid real or projected weight loss rather than low body weight. As controls to the AN and WL groups, the corresponding number of girls of the same age and in the same schoolin most cases born within a month of the index childwere identified by school nurses; furthermore, to enlarge the control group, a number of additional normal-weight 16-year-old girls also identified by school nurses were recruited. To be enrolled as a control subject, the girl had to display a completely normal weight curve and report no signs of abnormal eating behavior at interview. Almost all subjects invited to participate as controls agreed to do so. The total number of controls from which blood samples were available was 93.
Genotyping was not part of the original research plan, but could be undertaken due to the fact that serum had been saved. DNA extraction and genotyping was successful in 57 out of 58 weight loss subjects and in 91 out of 93 controls. Forty-one of the genotyped underweight girls (72%) fulfilled the diagnostic criteria of AN in DSM-III-R; of these, 28 (68%) were of the restrictive type and 13 (32%) of the binge-eating/purging type. The mean body mass index (BMI) ( Ϯ SD) of the AN subjects was 15 Ϯ 2. Of the 16 genotyped WL girls, displaying weight loss but not meeting AN criteria, eight did not meet criteria for any psychiatric disorder, three had depression, three had bulimia nervosa, and two had overanxious disorder. The mean body mass index (BMI) ( Ϯ SD) of the WL subjects was 18 Ϯ 3. A detailed analysis of ethnical background was not undertaken, but in a vast majority ( Ͼ 90%) of both patients and controls, both parents were of Caucasian origin.
All subjects had provided informed consent to participate in the epidemiological study, but had not been informed of the fact that serum samples might be used for genotyping. For this reason, all serum samples were de-identified before genotyping, so that genotype could not be linked to identity. This procedure was approved by the ethical committee at the Göteborg University.
Genotyping
DNA was isolated from serum samples using the Easy-DNA kit (Invitrogen). Genotyping was performed using the protocol described by Lappalainen et al. (1995) .
RESULTS
Subjects reporting weight loss (AN plus WL) differed from controls with respect to genotype frequency ( 2 ϭ 16.8, p ϭ .0002) as well as with respect to total number of ser23 alleles in the two groups (allele frequency) ( 2 ϭ 14.5, p ϭ .0001) (see Table 1 ). A chi-square test regarding controls, AN, and WL as three separate groups also revealed a significant difference between the groups, both with respect to genotype frequency ( 2 ϭ 18.1; p ϭ .001) and with respect to allele frequency ( 2 ϭ 15.1; p ϭ .0005). In addition, analyzed separately, both the AN group and the WL group were found to differ from controls with respect to genotype frequency (AN: 2 ϭ 13.4, p ϭ .001; WL: 2 ϭ 10.0, p ϭ .002) as well as with respect to allele frequency (AN: 2 ϭ 12.4, p ϭ .0004; WL: 2 ϭ 8.8, p ϭ .003). AN subjects of the restrictive type did not differ from those of the binge eating/ purging type with respect to genotype frequency (data not shown).
DISCUSSION
The frequency of the ser23 allele of the 5-HT2C receptor gene was higher in a group of teenage girls reporting weight loss, identified by means of a population-based screening investigation, than in a group of age-matched girls who were of normal weight and reporting normal eating behavior. The groups were small, but the high level of significance suggests that the results do not represent a false positive finding. The common problem of multiple testing is not relevant in the interpretation of our data since, in addition to the 5-HT2C polymorphism, only one other polymorphism (not presented here) was investigated in this group of patients. Moreover, the study was based on a strong prior hypothesis according to which the 5-HT2C receptor is involved in the regulation of eating behavior.
In previous studies, the frequency of subjects carrying one or two ser23 alleles in a normal population of women has varied between approximately 12% (Gutierrez et al. 1996; Oruc et al. 1997 ) and 40% (Cavallini et al. 1998; Burnet et al. 1999) ; in most studies, the frequency has been clearly lower than in our group of subjects reporting weight loss (46%), but somewhat higher than in our comparison group (15%). In a recent population-based investigation conducted at our laboratory, the frequency of the studied 5-HT2C allele was examined in a group of 270 40-year-old women, living in the same city as the patients and controls in the weight loss study. This population was recruited for another purpose than to serve as controls in this study, and will be presented in greater detail elsewhere (Baghaei et al., to be published). In this population, from which subjects with tentative eating disorder had not been excluded, the distribution of 5-HT2C alleles was the following: cys/cys: 74.4%, cys/ser: 24.1%, and ser/ser: 1.5% (Baghaei et al., to be published). The frequency of subjects carrying the ser23 allele, 25.6%, was hence somewhat higher than in the controls of the weight loss study, but still significantly lower than in our weight loss subjects ( p ϭ .009). A reason for the relatively low frequency of the ser23 allele in the normal-weight controls in the present study could be that these subjects were carefully selected to be devoid of even mildly disturbed eating behavior.
It is noteworthy that a high frequency of the ser23 allele was observed not only in girls fulfilling the DSM-III-R criteria for AN, but also in a group of girls that reported weight loss but not fulfilling the criteria of AN. Given the small number of subjects in the group of WL girls without AN, these results should be interpreted with caution, but they do suggest that the ser23 allele is not specifically associated with AN, but with a general proneness in young women to experience rapid weight loss due to reduced food intake.
The possible functional importance of the ser23 polymorphism remains to be established. Whereas Lappalainen et al. (1995) observed no differences between the two alleles with respect to electrophysiological responses to serotonin in transfected oocytes, a preliminary report from Sodhi et al. (1999) suggested that the ser23 allele is associated with a higher receptor expression.
Interestingly, two clinical studies suggest an influence of the ser23 allele on eating behavior, one study in healthy controls showing an association between this allele and food intake after administration of m-CPP (Quested et al. 1999) , and another study revealing an association between the ser23 allele and altered eating behavior in patients with Alzheimer's disease (Holmes et al. 1998 ). The present results, however, contrast to an earlier report (Nacmias et al. 1999) , mentioning (without presenting data) a lack of association between AN and the 5-HT2C receptor polymorphism. Moreover, a study of the ser23 allele in bulimia nervosa and binge eating disorder was negative (Burnet et al. 1999) , as well as a small, low-powered study on sister-pairs being discordant for AN (Karwautz et al. 2001) . The obvious limitation of the present study is the relatively low number of subjects in all the studied groups, and that we did not have access to DNA from a separate patient population that could be used for confirmation of our finding. The fact that the frequency of the ser23 allele was somewhat lower in our control population than in some previous studies also is a matter of concern. The fact that we observed an association reaching a p -value of .0001 between a polymorphism previously suggested to be involved in eating behavior and weight loss in young girls however does deserve attention, and indicates that further studies investigating the possible association between the ser23 allele of the 5HT2C receptor gene and proneness for weight loss-with or without underlying eating disordershould be undertaken.
